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Transactivator Protein BICP0 of Bovine Herpesvirus 1 (BHV-1) Is
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The immediate-early protein, BICP0, of bovine herpesvirus 1 (BHV-1) transactivates a variety of viral and
cellular genes. In a yeast two-hybrid cDNA library screening, we found that lipocalin-type prostaglandin D
synthase, which catalyzes the production of prostaglandin D2 (PGD2), is a cellular target of BICP0. We
observed that, during wild-type BHV-1 infection, PGD2 levels were increased intracellularly and decreased in
the medium. These effects were absent upon infection with recombinant BHV-1 expressing �-galactosidase
instead of BICP0 (A2G2). Transient-expression assays showed that BICP0 alone caused a significant increase
in PGD2 levels in the cell. PGD2 repressed BHV-1 replication in cultured cells. Antiviral activities of prosta-
glandins have been documented long ago, but their mode of action remains to be clarified. Here we provide
evidence that PGD2 impairs the transactivation ability of BICP0 that is necessary for efficient virus replication.

The genes of bovine herpesvirus 1 (BHV-1) are expressed in
a cascade of three temporally distinct and functionally inter-
dependent phases called immediate-early (IE), early, and late.
Three major IE proteins—BHV-1-infected cell protein 0
(BICP0), BICP4, and BICP22—regulate these phases by either
transactivating or transrepressing specific virus promoters (11,
27, 48, 55). BICP0 is a key element of BHV-1 replication
because of its promiscuous transactivation properties and is
considered to be a functional homologue of herpes simplex
virus type 1 (HSV-1) ICP0, despite having only limited se-
quence similarity. The only well-defined domain that is con-
served is a C3HC4 zinc ring finger located near the N terminus
of both proteins (8, 9, 12). For HSV-1 ICP0, several proteins
have been identified as host cell targets: translational elonga-
tion factor 1 (24), cyclin D3 (25), and ubiquitin-specific pro-
tease (10, 29).

BICP0 has recently been shown to associate with histone
deacetylase 1 (57). Since it is well known that IE proteins of
alphaherpesviruses are multifunctional, other host cell targets
remained to be established. Therefore, we performed a cDNA
library screening, from which lipocalin-type prostaglandin D
synthase (L-PGDS; EC5.3.99.2; GenBank accession number
HUMPROSYN M61901) emerged as one of the host cell tar-
gets of BICP0. The enzyme was originally discovered as a
major protein of cerebrospinal fluid. It is also localized in
several tissues such as brain, heart, eye, testis, and prostate
gland. It converts prostaglandin H2 to prostaglandin D2

(PGD2) in the arachidonic acid cascade (50, 53). PGD2 is the
major prostanoid produced in the central nervous system of
mammals (32, 35) and has been shown to be involved in the
regulation of various physiological responses such as sleep-

wake cycle (17, 51), body temperature, hormone release, and
pain response (16, 18).

Prostaglandins (PGs) are a class of naturally occurring cyclic
20 carbon fatty acids with potent biological properties. In eu-
karyotic cells, they are synthesized from polyunsaturated fatty
acid precursors derived from the phospholipid pool of the cell
membrane in response to external stimuli, such as cell injury
and inflammation (5, 13, 54). Prostaglandins are also involved
in the control of virus replication and affect the replication of
a variety of RNA and DNA viruses, including paramyxoviruses,
rhabdoviruses, rotaviruses, retroviruses, and herpesviruses, in
cultured cells (42).

In the studies reported here, the major transactivator of
BHV-1, BICP0, was found to be blocked by PGD2, suggesting
a potential mechanism for PGD2-mediated inhibition of BHV-
1 replication.

MATERIALS AND METHODS

Yeast two-hybrid screening of cDNA library. A custom MATCHMAKER
cDNA library derived from MDBK cells was cloned into plasmid pGAD10 by
using the EcoRI cloning site in an adaptor sequence EcoRI-NotI-SalI. The
average insert length is 1.8 kbp (Clontech). The parent of the bait plasmid,
pBTM116, carries a lexA DNA-binding domain (DBD) coding sequence and a
Trp1 gene as a selection marker for yeast (kindly provided by Igor Stagljar,
University of Zurich, Zurich, Switzerland). For cDNA library screening of
BICP0, we created a bait plasmid designated pBTM116N-BICP0. The EcoRI/
SalI fragment (1,096 bp) of pBORF26 (12) was inserted into pBTM116 cut with
EcoRI and SalI. The resulting plasmid pBTM116N-BICP0 expresses a hybrid
protein consisting of the LexA DBD fused to the N-terminal half part of BICP0
(amino acids [aa] 1 to 357). The control plasmid, pBTM116LaminC, encoding a
noncognate protein used in the bait dependency test was created as follows. The
EcoRI/PstI fragment (513 bp) of pLAM5� (Clontech, Palo Alto, Calif.) was
inserted into pBTM116 cut with EcoRI and PstI. The resulting plasmid,
pBTM116LaminC, encodes a fusion protein consisting of the LexA DBD fused
to human lamin C protein (aa 66 to 230). Yeast transformations (15) and DNA
preparation from yeast (22) were carried out as described previously. Positive
clones were identified by X-Gal (5-bromo-4-chloro-3-indolyl-�-D-galactopyrano-
side) filter assay, measuring �-galactosidase activity as described previously (47).
One of the cDNA library clones emerging from the screening and examined in
this report was pGAD10L-PGDS which encodes L-PGDS (aa 50 to 190).
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Cell culture. HeLa cells were cultured in Dulbecco modified Eagle medium
supplemented with 10% fetal bovine serum, 100 U of penicillin/ml, and 100 �g
of streptomycin/ml in 5% CO2 at 37°C. MDBK cells were cultured in Eagle
minimal essential medium (EMEM) supplemented with 10% fetal bovine serum,
100 U of penicillin/ml, and 100 �g of streptomycin/ml at 37°C.

Virus purification. Virus was purified (30) from MDBK cells infected with
wild-type BHV-1 strain Jura or with A2G2, a recombinant form of BHV-1 in
which the BICP0 gene is disrupted by a �-galactosidase expression cassette (26).
When the cytopathic effect was 90% complete, the bulk of the medium was
removed; cells were frozen and thawed three times, sonicated in an MSE sonifier
for 20 s with 20% output energy, and then mixed again with the medium and
centrifuged at 12,000 � g for 5 min to remove cell debris. From the supernatant,
virus was pelleted by centrifugation in an SW28 rotor for 2 h at 120,000 � g
through a cushion of 15 ml of 30% sucrose. The pellet was resuspended in 0.5 ml
of TNE (150 mM NaCl, 10 mM Tris-HCl, 1 mM EDTA [pH 7.5]), layered onto
a linear 20 to 60% sucrose gradient in TNE and centrifuged at 120,000 � g in an
SW28 rotor. The visible virus-containing band was aspirated with a syringe, and
virus was pelleted and resuspended in TNE as described above.

Virus infection. A total of 3 � 105 MDBK cells were seeded in each well of a
six-well plate and infected on the next day with BHV-1 strain Jura (multiplicity
of infection [MOI] � 3) in 1 ml of EMEM without fetal calf serum (FCS). After
2 h of adsorption at 37°C, the inoculum was removed. Cell monolayers were fed
with 1 ml of EMEM containing 2% FCS and the indicated concentrations of
PGD2. After a 9-h exposure to PGD2, cells were harvested together with the
medium. From 200 �l of this mixture, viral DNA was isolated by using the
QIAamp DNA Mini kit (Qiagen) according to the manufacturer’s blood and
body fluid spin protocol and then analyzed by real-time PCR (TaqMan; Applied
Biosystems).

Fluorogenic PCR for the detection and quantification of BHV-1 DNA. The
glycoprotein gB gene was targeted for amplification of 97 nucleotides from the
viral DNA by the TaqMan technique. The experimental conditions were as
described previously (23), with the following exceptions. The sequences of the
oligonucleotides used were as follows: 5�-TGT GGA CCT AAA CCT CAC
GGT-3� (forward primer), 5�-GTA GTC GAG CAG ACC CGT GTC-3� (re-
verse primer), and 5�-FAM-AGG ACC GCG AGT TCT TGC CGC-TAMRA-3�
(probe). PCR amplifications were carried out in a volume of 25 �l, containing
12.5 �l of Mastermix (PE Applied Biosystems), 2.5 �l of each primer (240 nM),
probe (160 nM), and diethyl pyrocarbonate-treated water, and 10 �l of DNA
sample. After 2 min at 50°C and 10 min at 95°C, 40 cycles were carried out with
denaturation at 95°C for 15 s and annealing-elongation at 60°C for 1 min.
Standard curves were generated from serial dilutions of plasmid cloned viral
DNA. In each single assay 10 copies (Ct value of 38.23 � 1.89) or more of the
template were detected. The Ct values decreased with increasing template con-
centration in a linear fashion over a range of 10 orders of magnitude. A template
concentration of 1010 molecules per assay correlated to a Ct value of 8.77.
Similarly, a correlation between infectious units (TCID50) and amplification
cycles (Ct value) was established by using viral DNA extracted from infected cell
cultures as a template. A correlate to 1.5 TCID50 of BHV-1 was detected in each
single assay, and the standard curve remained linear up to a virus concentration
of 108.2 TCID50/ml.

PGD2 measurement. MDBK cells were infected with purified wild-type BHV-1
or A2G2 (MOI � 1) or mock infected. Media were collected and cells were
harvested at 3 and 6 h of postinfection. Alternatively, HeLa cells were trans-
fected with a BICP0-expressing plasmid, pBCMV26, or a pBS KS� control
plasmid. A transfection efficiency of 30 to 40% was reached. Media were col-
lected and cells were harvested 40 h after transfection. Cells were lysed by
sonification. Protein concentration of the cell lysates was determined by a Brad-
ford assay (Bio-Rad). After solvent extraction and chromatography on Amprep
RNP1903 (Amersham Pharmacia) according to the manufacturer’s instructions,
the PGD2 levels in media and cell extracts were measured by using a PGD2

radioimmunoassay kit containing 3H-labeled PGD2 and a polyclonal rabbit an-
tiserum against conjugated PGD2 (Hartmann Analytic). The principle of the test
is that the radioactive tracer competes with nonradioactive PGD2 in samples for
the limited number of antibody-binding sites.

Plasmids for transient-expression assays. The effector plasmid, pBCMV26,
contains the BICP0 coding sequence under the control of the human cytomeg-
alovirus (CMV) IE promoter (27). The reporter plasmid, pC29CAT, contains the
chloramphenicol acetyltransferase (CAT) gene under control of the IE4.2/2.9
promoter (55). The reporter plasmid, pG13-luc, contains a luciferase reporter
gene under control of a tandem repeat of thirteen p53 binding sequences without
any other cis-acting elements (37).

Exposure of transfected cells to PGD2. PGD2 was purchased from Calbiochem
and dissolved in absolute ethanol to prepare 3 mM stock solution. HeLa cells

were transfected by the calcium phosphate method. Cells were treated with
various amounts of PGD2 36 h after transfection for 4 h. Cells were then
harvested and subjected to CAT or luciferase assays.

Cytotoxicity. Cytotoxicity in the cell culture was determined after treating
triplicate confluent cultures of HeLa cells with various amounts of PGD2. Cul-
tures were observed by phase-contrast microscopy several times after PGD2

treatment. After 4 h exposure to PGD2, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) was added to the cultures to achieve a final con-
centration of 500 �g/ml. Cultures were incubated for an additional 2 h, medium
was removed, and dimethyl sulfoxide (150 �l/well) was added to dissolve the
MTT-formazan product. At 250 �M PGD2, the amount of the MTT-formazan
product, measured by absorbance at 540 nm, was reduced by 17% relative to the
untreated control. At 30 �M PGD2, the highest concentration used in the
present study, no cytotoxicity could be detected.

CAT assay. HeLa cells were plated with a density of 4 � 105 per well in six-well
plates 24 h before transfection. The effector plasmid pBCMV26 (2 �g) and
reporter plasmid pC29CAT (1 �g) were cotransfected by the calcium phosphate
method. A CAT assay was performed as described elsewhere in detail (55).
Briefly, cells were harvested in phosphate-buffered saline 40 h after transfection
and lysed by three cycles of freezing and thawing. CAT activity was measured.
Chloramphenicol and its acetylated forms were separated by thin-layer chroma-
tography. The amounts of acetylated chloramphenicol were measured with a
PhosphorImager (Molecular Dynamics, Sunnyvale, Calif.).

Luciferase assay. A total of 1 �g of pBCMV26 and 1 �g of pG13-luc was used
for transient expression assays in six-well plates. HeLa cells were harvested 40 h
after transfection and lysed by three cycles of freezing and thawing. After cen-
trifugation (14,000 rpm, 5 min), 10 �l of supernatant was mixed with 100 �l of
luciferase assay solution (Promega, Madison, Wis.), and the mixture was ana-
lyzed in a luminometer.

Statistical analysis. All values were expressed as mean � the standard error of
the mean; P values were calculated by using unpaired t test, and values of P �
0.05 were regarded as significant.

RESULTS

L-PGDS is a host cell target of BICP0. To search for poten-
tial host cell targets of the IE protein, BICP0, we performed a
cDNA library screening by using the yeast two-hybrid system.
Several bait-dependent clones were isolated and characterized
by sequencing and database searching; these will be reported
elsewhere. One of the clones, pGAD10L-PGDS, was found to
encode lipocalin-type prostaglandin D synthase (L-PGDS) and
led to the studies presented here.

To test whether the observed L-PGDS–BICP0 interaction is
specific for BICP0, we performed additional yeast transforma-
tions, including as a control human lamin C protein, which has
been reported not to form complexes nor to interact with most
other proteins (2, 56). The yeast strain L40 was cotransformed
with pGAD10L-PGDS and either pBTM116N-BICP0 encod-
ing the N-terminal half of BICP0, pBTM116LaminC encoding
human lamin C protein, or empty vector (pBTM116). After
colonies appeared, X-Gal filter assay was performed. Only
yeasts cotransformed with pGAD10L-PGDS and pBTM116N-
BICP0 exhibited blue staining, whereas neither lamin C nor
LexA (empty vector) interacted with L-PGDS (Table 1). Co-

TABLE 1. BICP0 interacts with L-PGDS in yeast as determined
by an X-Gal filter assay for galactosidase activity

Plasmid combination Description X-Gal filter

pBTM116N-BICP0 �
pGAD10L-PGDS

Target Blue

pBTM116Lamin C �
pGAD10L-PGDS

Negative control White

pBTM116LexA �
pGAD10L-PGDS

Negative control White
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immunoprecipitation assays (not shown) also confirmed the
specificity of the interaction.

Infection with BHV-1 raises intracellular PGD2 levels. Since
L-PGDS is an enzyme that is responsible for the formation of
PGD2, we first measured by radioimmunoassay the PGD2 lev-
els during wild-type BHV-1 infection. During the first 3 h of
infection, we observed no change in cell-associated PGD2 lev-
els, but during the next 3 h, when IE proteins were expected to
have full effect, the PGD2 levels rose fivefold (Fig. 1A). This
increase could be attributed to the presence of BICP0 because
A2G2, a recombinant BHV-1 in which the BICP0 gene is
disrupted by a �-galactosidase expression cassette, did not
significantly affect the PGD2 levels.

Upon production, prostaglandins are released rapidly from
cells and act near their site of production by binding to specific
cellular receptors (3, 6, 33). Therefore, we also measured
PGD2 levels in the medium. As shown in Fig. 1B, the PGD2

level was found to be decreased at 6 h of infection compared to
the media of mock-infected cells. No significant decrease was
observed at 3 h of infection. This decrease could also be at-
tributed to the presence of BICP0 because infection with
A2G2 had no such effect.

Transient expression of BICP0 is sufficient to raise intra-
cellular PGD2 levels. Next, we examined whether BICP0 might

exhibit a similar effect on the PGD2 production in the absence
of viral infection. HeLa cells were transfected with a BICP0-
expressing plasmid, pBCMV26. After 40 h of transfection,
media were collected and cells were harvested. PGD2 levels
were measured both in the whole-cell extract and in the media.
As shown in Fig. 2, transient BICP0 expression led to a signif-
icant increase in PGD2 levels in the cells (P � 0.05), whereas
the reduction in PGD2 levels in the media of the transfected
cells was not considered significant (P 	 0.05).

PGD2 inhibits BHV-1 replication. Prostaglandins have been
shown to activate (1, 31) or repress (38, 39, 42–46) the repli-
cation of various viruses. To test whether BHV-1 replication is
affected by PGD2, we infected MDBK cells with wt BHV-1.
After a 2-h adsorption period, different concentrations of
PGD2 were added to the culture, and the accumulation of viral
DNA was determined by TaqMan PCR for the gB gene of
BHV-1 at 9 h postinfection. We found that PGD2 reduced
BHV-1 replication in a dose-dependent manner and inhibited
the virus yield by 300-fold at the highest concentration of 100
nM (Fig. 3A). The solvent alone (ethanol) did not affect virus
replication at the concentrations used (not shown).

To determine the effect of PGD2 on viral protein levels,
virus infection and PGD2 treatment were performed as de-
scribed above. Cells were harvested at 9 h postinfection, and
cell extracts were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis. To detect viral proteins, we
performed a Western blot with serum obtained from a
BHV-1-infected cow. As shown in Fig. 3B, we found that
PGD2 treatment caused a marked reduction in the viral pro-FIG. 1. Effect of BHV-1 infection on PGD2 levels. MDBK cells

were infected at an MOI of 1 with purified wild-type BHV-1 (F) or
recombinant BHV-1 A2G2 (E) or were mock infected. At the indi-
cated times after the end of the adsorption period (hours postinocu-
lation), media were collected and cells were harvested. PGD2 levels in
cell extracts (A) and in the media (B) were measured by radioimmu-
noassay.

FIG. 2. PGD2 levels after transient BICP0 expression. HeLa cells
were transfected with pBCMV26 (right), with control plasmid pBS
KS� (middle), or left without transfection (left). Media were collected
and cells were harvested 40 h after transfection. PGD2 levels were
measured by radioimmunoassay in cell extracts (A) and in the media
(B). ❋ , Significant increase in PGD2 levels (P � 0.05); ❋❋ , control
plasmid.
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tein amount at concentration 20 and 100 nM. There was no
significant reduction at the concentration of 5 nM.

PGD2 inhibits BICP0-dependent transactivation. The major
BHV-1 IE protein and transactivator BICP0 is known to be
required for efficient BHV-1 replication. Therefore, we exam-
ined the possibility that BICP0 was a target of PGD2-medi-
ated inhibitory action. HeLa cells were cotransfected with
pBCMV26, a plasmid expressing BICP0, and pC29CAT, in
which the CAT gene is expressed under a BICP0-dependent
viral promoter. At 36 h after transfection, cells were treated
with different concentrations of PGD2 for 4 h. At the end of
the treatment period, cells were harvested and CAT activity
was measured. As shown in Fig. 4A, BICP0 activated that
promoter as expected. BICP0-dependent promoter activity was
reduced by PGD2 in a dose-dependent manner. In contrast,
the basal promoter activity of pC29CAT in the absence of
stimulatory BICP0 was not inhibited by PGD2 (Fig. 4A). To
determine whether the effect of PGD2 depends on a specific
viral promoter, we next examined a nonviral reporter con-
struct, pG13-luc that contains a luciferase gene under control
of 13 consensus binding sites for p53 protein. That promoter
was found to be significantly activated by BICP0. Similarly to
the results above, BICP0-dependent promoter activity was re-
duced by PGD2 in a dose-dependent manner, whereas the
basal promoter activity was not affected (Fig. 4B). We con-
cluded that PGD2 may specifically block BICP0-mediated

transactivation at concentrations considerably less than those
required to produce measurable cytotoxicity by MTT assay
(see Materials and Methods).

Effect of PGD2 treatment on the BICP0 protein. The pros-
taglandins PGA1 and PGJ2 have been shown to inhibit the
glycosylation of the vesicular stomatitis virus glycoprotein G,
altering its electrophoretic mobility and decreasing its molec-
ular mass by 4 kDa (31, 38, 46). PGJ2 has also been shown to
selectively inhibit the glycosylation, maturation, and intracel-
lular translocation of the Sendai virus glycoprotein HN (45).
To test whether PGD2 can affect protein maturation or post-
translational modification of BICP0, transient-expression assay
and PGD2 treatment were performed as described above. Cell
extracts were prepared and analyzed by Western blot probed
with anti-BICP0 antibody. Neither the protein amount nor the
electrophoretic mobility of BICP0 protein was affected by
PGD2. The same membrane was later reprobed with anti-actin
antibody as a control for loading of the gel (Fig. 5).

DISCUSSION

Prostaglandins function as microenvironmental hormones
involved in the regulation of physiological and pathological
processes, including inflammation, cytoprotection, and virus
infection (18, 42, 51). In the present study, we showed that
BHV-1 increases PGD2 levels in the cells at 6 h postinfection

FIG. 3. Effect of PGD2 on BHV-1 replication. (A) PGD2 inhibits
BHV-1 replication. Confluent monolayers of MDBK cells were in-
fected with wild-type BHV-1 with an MOI of 3. After a 2-h adsorption
period, the medium was replaced by 1 ml of EMEM supplemented
with 2% fetal bovine serum and various concentrations of PGD2. After
9 h of infection, both cell-associated and free viral DNAs were de-
tected with TaqMan PCR as described in Materials and Methods.
(B) Viral proteins are reduced by PGD2. BHV-1 infection and PGD2
treatment were performed as described above. Cells were harvested
9 h after infection and Western blot analysis was performed with an
anti-BHV-1 serum obtained from a BHV-1-infected cow.

FIG. 4. PGD2 inhibits BICP0-dependent gene regulation. HeLa
cells were cotransfected either with pC29CAT and pBCMV26 or
pG13-luc and pBCMV26. At 36 h after transfection, cells were treated
with PGD2 for 4 h and then harvested. CAT and luciferase assays were
performed as described in Materials and Methods. The data presented
are the mean values with the standard deviations from three indepen-
dent experiments. The basal level in the absence of pBCMV26 and
PGD2 was taken as 1 in order to calculate fold activation. (A) The
effect of PGD2 on the reporter plasmid pC29CAT; (B) the effect of
PGD2 on the nonviral promoter, pG13-luc, activated by BICP0. ❋ ,
Solvent control.
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and decreases them in the media. This observation was first
made by using unpurified virus lysates (not shown). Consider-
ing the possibility that virus infection might induce cellular
factors that could account for these effects, we then purified
the virus particles by several centrifugation steps. The result
shown in Fig. 1 with purified virus was quantitatively rather
similar to that with unpurified virus. Furthermore, A2G2, a
recombinant BHV-1 in which the BICP0 gene is disrupted by
a �-galactosidase expression cassette, did not exert these ef-
fects, suggesting that BICP0 was the agent causing these
changes in PGD2 levels.

Next, we undertook a series of experiments to further ex-
amine the possible role of PGD2 in BHV-1 infection. We
found that PGD2 inhibits BHV-1 replication. The virus yield
was reduced 300-fold at the highest PGD2 concentration used
(Fig. 3A). The inhibitory action of PGD2 on virus growth was
correlated with a reduced amount of viral proteins (Fig. 3B).
These events could be considered as a host cell defense mech-
anism. The concentrations of exogenously added PGD2 in the
present study are significantly higher than concentrations mea-
sured in BHV-1-infected cells. Prostaglandins are physiologi-
cally present in body fluids at picomolar-to-nanomolar concen-
trations (49); however, arachidonic-acid metabolism is highly
increased in several pathological conditions, including hyper-
thermia, infection, and inflammation (4, 19, 28), and local
prostaglandin concentrations in the micromolar range have
been detected at sites of acute inflammation (34) and in sem-
inal fluid (14, 40). Therefore, concentrations of PGD2 that are
sufficient to inhibit BHV-1 replication appear to be physiolog-
ically relevant.

Antiviral activities of prostaglandins have been documented
long ago, but their mode of action remains to be clarified. Here
we provide evidence that PGD2 impairs the transactivation
ability of BICP0 that is necessary for efficient virus replication
(Fig. 4). Based on the observation that the viral proteins are
reduced by PGD2 during BHV-1 infection (Fig. 3B), the pos-
sibility had to be considered that PGD2 would alter the levels
of BICP0 in transient expression assay or influence its post-
translational modification or intracellular localization. How-
ever, the Western blot shown in Fig. 5 revealed that PGD2 did
not change the levels of BICP0 protein. The apparent molec-
ular mass of BICP0 protein, 97 kDa, was not affected by PGD2

either, suggesting that PGD2 has no major effect on the post-
translational modification of the BICP0 protein. This does not
exclude the possibility of minor differences, for example, in
phosphorylation patterns. To determine whether PGD2 affects

the intracellular localization of BICP0, a similar experiment to
that shown in Fig. 4 was performed with a BICP0-green fluo-
rescent protein fusion protein expression plasmid. Fluores-
cence microscopy revealed that the nuclear localization of
BICP0 remained unchanged (not shown).

Cyclopentenone prostaglandins are characterized by the
presence of a ring system containing an electrophilic carbon.
This ring system can react covalently by means of the Michael
addition reaction with nucleophiles such as free sulfhydryls of
glutathione and cysteine residues in cellular proteins (42).
PGJ2 and PGA have been shown to inhibit NF-
B and p53-
dependent gene expression through covalent modification of
critical cysteine residues in I
B kinase and the DBDs of NF-
B
subunits or conformational change in the p53 protein, respec-
tively (7, 36, 41). Although, from these data, it seems possible
that the activity of BICP0 could be modulated in a similar
manner to NF-
B and p53, the present study should stimulate
further investigation to find out the mechanism(s) by which
PGD2 blocks BICP0-dependent transactivation. Taken to-
gether, our results indicate that block of BICP0 can play an
important role in the PGD2 induced-inhibition of BHV-1 rep-
lication. However, since it is known that prostaglandins can act
at multiple levels during the virus replication cycle (42), we do
not exclude that other mechanisms could contribute to the
inhibition of BHV-1 replication by PGD2.

Recent studies have shown that PGE2 receptor EP4 (20) and
cyclooxygenase 2 (21) genes are upregulated during HSV-1
reactivation triggered by cyclophosphamide and dexametha-
sone or heat shock. It is likely that BICP0 carries out its role in
activation of transcription and reactivation from latency by
interacting with cellular factors. One of the factors interacting
with BICP0 is L-PGDS; it is known as the brain-type enzyme,
predominantly expressed in neurons and oligodendrocytes (50,
52). PGD2 is the main archidonic acid metabolite produced by
L-PGDS in neurons and glial cells in the mammalian central
nervous system (51). Based on these connections, we postulate
that BICP0 may target L-PGDS and PGD2 synthesis either by
inhibiting the enzyme directly, by sequestering it, or by mark-
ing it for proteasome degradation. Furthermore, we consider
that the triad of BICP0, L-PGDS, and PGD2 may have a role
in shifting the balance between latent and lytic BHV-1 infec-
tion.
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